Eleven baboons, anaesthetised with ketamine, had catheters introduced into the cisterna magna. Morphine was injected at lumbar level intrathecally in six and epidurally in five. Cisterna I CSF was sampled hourly and the morphine concentration measured using a high pressure liquid chromatograph. In two cases following intrathecal injection peaks of 180 ng/ml at 4 hours, and 2,200 ng/ml at 3 hours were detected. In the latter case there was associated error in sampling therefore this baboon had a repeat injection four weeks later. The maximum level of morphine obtained then was 139 ng/ml at 4 hours. In the epidural group peaks of 113 ng/ml and 53 ng/ml at 1 hour were measured in 2 baboons and 27 ng/ml at 6 hours in a third. In all six other baboons following either procedure no morphine was detected in the cisterna. We conclude that morphine injected either intrathecally or epidurally in primates does migrate centrally in varying quantities. This finding would seem to have some bearing on the unpredictability of reported episodes of respiratory depression following intraspinal morphine.
cerebrospinal fluid (CSF) cephalad to the medulla. 2 The various factors likely to influence the movement of drugs within the CSF are poorly understood. Previous studies have indicated that rostral spread does occur. [3] [4] [5] The object of this study was to elucidate in primates the rate of cephalad movement and concentration of morphine in the cisterna magna following both intrathecal and epidural lumbar injection of the drug. METHODS Eleven healthy male baboons (papio ursinus) were anaesthetised using either ketamine or phencyclidine injected intramuscularly and placed on their sides. The animals remained in this position for the duration of the study. An intravenous infusion of ketamine 1-3 mg/minute was commenced. Diazepam 2.5 mg IV was given to counteract myoclonic movements. Each animal's electrocardiograph, rectal temperature and respiratory rate and depth were monitored clinically. After the cisterna magna was located with a 20 gauge needle, an 18 gauge epidural catheter was then introduced via a 16 gauge Tuohy needle into the cisterna magna and then stitched to the skin. Cerebrospinal fluid samples were taken via this catheter at 30 minutes and then hourly after injection of the morphine. Sampling technique consisted of removal of 1.0 ml of CSF to empty the dead space of the catheter. Thereafter a 1.0 ml sample was removed and the dead space CSF reinjected.
Baseline samples of CSF were taken from all the baboons prior to morphine administration.
A 22 gauge spinal needle was inserted at the L3-L4 interspace and morphine sulphate 1.0 mg (0.1 ml) was injected into the intrathecal space. The needle was flushed with 0.2 ml of normal saline and removed. Barbotage was avoided. The epidural technique has been well described. 6 After the epidural space was identified with a Tuohy needle with the loss of resistance technique, morphine sulphate 2.5 mg made up to 10 ml with normal saline was injected. Subsequently CSF samples were taken by lumbar puncture performed one space higher to confirm the presence of morphine in the intrathecal space.
In the initial two intrathecal studies the samples were frozen and stored for analysis and the experiments were terminated at 24 hours. In subsequent studies the samples were analysed immediately and the experiment terminated when indicated by the results namely, lack of detectable levels of morphine in the central CSF. These studies lasted from eight to ten hours. The baboon was then returned to the animal colony.
Morphine assay Sample collection and storage
CSF was stored at -20°C.
Apparatus and materials
The morphine was separated by high pressure liquid chromatography and quantitated electrochemically (HPLC/ECD). The system included a Hewlett Packard 1090 chromatograph with autosampler, Waters Guard-Pak pre-column and Waters Il-Bondapak 3,9 X 300 mm C18 analytical column, a LKB 2143 amperometric detector and Hewlett Packard 3392A integrator. The EC cell consisted of glassy carbon working and auxiliary electrodes separated by a PT FE spacer, and a silver/silver chloride reference electrode. HPLC grade solvents were obtained from Burdick and Jackson* and all other reagents from Merck. ** The Sep-Pak disposable columns were obtained from Millipore.
Morphine extraction
The sample clean-up method was essentially that of Drost and Van Ooijen. 7 However, Sep-Pak C 18 columns were used due to availability and, in order to render the method suitable for HPLC/ECD rather than gas chromatography, the following modifications proved necessary: 500 III of plasma or CSF were treated, the sample was washed on the column with 6 X 5 ml of the borate buffer followed by 0.5 ml water and 2 X 100 III 80% methanol. Methanol 1.5 ml was required to elute the morphine and the effiuent was taken to dryness under a stream of nitrogen at 60°C. The residue was reconstituted in 500 III of mobile phase. This comparatively large volume was necessary because suitable injector micro-vials were not available to us at the time. With the appropriate vials it should be possible to increase the sensitivity of the assay by a factor of about 5. Extraction recovery was 81.9 ± 5.2% (n = 24), based on spiked plasma.
HPLCIECD
Chromatographic conditions and applied cell potential were those established by Todd et al., 8 with minor adjustments. Aliquots of 25 III or less of morphine extract were injected in duplicate, with an external standard before and after each pair. The standard concentration was 200 ng/ml, equivalent to 5 ng of morphine under the peak. The detection *Burdick and Jackson, Muskegan, Michigan, U.S.A. **Merck, Darmstadt, W. Germany. Legend. Intrathecal lumbar and cisternal CSF levels of morphine (ng/ml) in relation to time following intrathecal morphine injection in the lumbar area. Baboons 2,3,5 and 6 had no detectable cisternallevels although high levels of morphine were detected in lumbar CSF at 30 and 60 minutes.
limit was approximately 100 pg with the signal to noise ratio 4.
RESULTS

Intrathecal study
Six healthy male baboons, mean weight 23.7 kg (range 23-25) were studied. In baboon No. 4 the study was repeated one month later; thus seven studies were performed. Throughout the study periods the subject's ECG and rectal temperatures remained within normal limits.
Measurable morphine concentrations were demonstrated only in baboons numbers 1 and Table 1 ). Baboons Nos. 2 and 3 were studied for 24 hours with a minimal trace of morphine cisternally detected only at 30 minutes in both baboons. It was not possible to quantify the concentration of these traces. No cisternal morphine was detected in baboons 6 and 7 over a period of8 hours while 2 and 3 had no detectable morphine levels after 24 hours. Morphine was detected in lumbar CSF in all animal studies.
Epidural study
Five healthy male baboons, mean weight 24.2 kg, range 23-25, were studied. No baboon showed any evidence of respiratory depression.
Measurable cisternal concentrations were demonstrated only in baboon numbers 1, 4 and 5 and none in Nos. 2 and 3 ( Table 2 ). All baboons had evidence of morphine in the lumbar CSF at 30 minutes or at 1 or 2 hours, except baboon 2, in which a sample was unobtainable but this baboon had detectable levels cisternally ( Table 2 ).
DISCUSSION
The safe use of intraspinal opioids requires an understanding of the pharmacokinetics of these agents within the cerebrospinal fluid and brain in order to ascertain the varying factors which influence the spread of the opioid to higher medullary 'centres'. The widespread application of these routes of administration has been limited by a fear of profound and dangerous respiratory depression. This complication has been well described and is often delayed, adding to the hazards of postoperative patient care. For this reason many have concluded that these techniques are safe only when patients are cared for in an intensive nursing situation and are not to be used in a standard nursing ward. 9 The physicochemical properties of many narcotics are similar to those of the local anaesthetic agents. ID Thus, the factors which decide spread oflocal anaesthetic agents in the cerebrospinal fluid probably also determine movement of opioids. These",12 are the volume of fluid injected, the volume of both the spinal subarachnoid and epidural space, drug dosage, the baricity of the solution in relation to the CSF and by implication, the position of the patient, turbulence on injection and in particular the use of barbotage and the relationship of the pKa of the solution to the pH of the cerebrospinal fluid. The latter determines the degree of dissociation of the opioid, as expressed for basic salts by the Henderson-Hasselbach equation:
The degree of dissociation affects the ability of the drug to penetrate the nerve tissue. The pKa of the tertiary amino group of morphine sulphate is 7.9, the same as that oflignocaine hydrochloride. I ,13 In the case of the opioids however, there is a greater range of lipid solubilities which is of relevance to the degree of spread. 10 A highly lipid-soluble agent, after injection into the cerebrospinal fluid, will diffuse rapidly from the CSF to the spinal cord. In contrast, a less lipid-soluble agent will remain longer in the CSF, and thus will be more likely to spread further from the site of injection. lo Morphine has a relatively low lipid solubility and therefore, theoretically, carries a greater risk of rostral spread with consequent respiratory depression than agents of greater lipid solubility. It has also been postulated in the case of opioids that passive CSF flow is of importance in determining rostral spread. 13 Previous studies in baboons have indicated rostral spread of morphine. 3 . 5 Using tritiumlabelled morphine in three baboons, Gregory et al. 3 showed significant morphine levels accumulating in the medulla oblongata at six hours when morphine 2.5 mg was injected intrathecally. Strube et a/. 4 showed in one baboon using radio-active labelled morphine levels of 8 ng/ml at three hours in the cisternal CSF. Although the use of a radio-active label allowed detection of even lower levels of morphine than with the HPLC the method was both time-consuming and expensive. Downing et al. 5 showed in a single baboon with a permanently implanted CSF reservoir, peak central levels of 40 ng/ml present after both epidural and intrathecal injection.
In three out of seven of our intrathecal experiments, morphine levels were detected centrally ( Table 1 ). The morphine peaked at 180 ng/ml at four hours in one of the baboons (No. 1) and thereafter the cranial levels declined over the next six hours. In baboon 4 a peak concentration of 2,200 ng/ml was observed which was thought to be due to faulty sampling technique. In this case there was excess loss of CSF at cisternal level with the original puncture. Furthermore, the central sampling catheter blocked and had to be flushed with normal saline to clear it on a number of occasions. In view of this problem Anaesthesia and Intensive Care, Vol. 15, No. 4, November, 1987 the experiment was repeated in this animal one month later using a correct sampling technique. On this occasion the peak level attained was only 139 ng/ml. In no other studies was there a problem with sampling.
In three out of five epidural studies, morphine was detected with peak levels of 27 ng/ml at six hours and 53 ng/ml and 113 ng/ml both at one hour. The epidural results were generally lower and show more scatter than the intrathecal. This is probably related to the inherent uncertainties of distribution of fluids within the epidural space and the necessity of diffusion across the dura mater.
Lumbar samples of CSF were taken to confirm placement of a significant dose in both intrathecal and epidural techniques. Removal of these samples would decrease the amount of drug available for rostral spread. However, it was thought imperative to demonstrate the presence of opioid in the lumbar CSF especially as in four out of seven intrathecal studies no morphine was detected centrally in the presence of adequate lumbar levels. In the epidural group, two out of five had no morphine detected cisternally despite the presence of demonstrable lumbar morphine CSF concentrations.
It is conceivable that removal of samples from the CSF could alter the CSF haemodynamics; however, it is not possible to measure concentrations without the removal of a sample. Every attempt was made to make the removal of samples uniform in volume and timing. The catheter was introduced to the same depth in all the animals. It is thought highly unlikely that a catheter migrated out of the cisterna magna.
In view of the wide variation in these results no attempt was made to express the kinetics in a conventional way using standard formulas. Our results would suggest that rostral spread of intraspinal or epidural morphine is unpredictable, varying from one animal to the next. Unfortunately, no comment can be made about these results in relation to respiratory depression since we only monitored the respiratory rate and depth clinically. In further studies this will be rectified.
Previous pharmacokinetic studies in humans l 4-16 have utilised repeated lumbar sampling. In only one human study has there been an attempt to sample cervical CSF.IB Gourlay et al. IB showed in fourteen patients with epidural catheters inserted for chronic pain relief similar levels of cervical CSF morphine after injection of 10 mg of morphine at lumbar level. Samples were withdrawn at C7-TI level over fourteen hours with one sample from each patient. They thought their findings were consistent with the hypothesis that the respiratory depression was a consequence of morphine reaching the midbrain as a result of passive CSF flow from the lumbar region. Since the baboon is of shorter stature than a human and has a smaller CSF volume, rostral spread is more likely. Extrapolation of these results to the clinical situation suggests that significant spread of intrathecally injected morphine can be expected. This spread cannot be predicted on an individual basis, but probably occurs in a minority of cases.
Until the causes of these individual variations are elucidated, the use of intrathecal morphine should be limited to patients nursed in a situation with close monitoring.
Further studies using intraspinal opioids with differing lipid solubilities and continuously monitoring respiratory function should help elicit which agents are more likely to spread cephalad.
